b e n z o y l o x y p e n t a n o l , and S-benzoyloxyhexanol t o t h e c o r r e s p o n d i n g b e n z o y l o x y a l k a n a l s .
kno,wn as a s t a b l e r a d i c a l i s r e d u c e d t o t h e h y d r o x y l a m i n e and i s a l s o o x i d i z e d t o t h e oxoaminium i o n . These r e d o x r e a c t i o n s a r e c h e m i c a l l y r e v e r s i b l e . I n t h i s r e v i e w . some a p p l i c a t i o n s o f n i t r o x y l r a d i c a l t o o r g a n i c r e a c t i o n s based on i t s r e d o x f u n c t i o n were d e s c r i b e d . The h y d r o x y l a m i n e was d e m o n s t r a t e d t o work as a h y d r a t i o n r e a g e n t o f n i t r i l e s t o produce amides. F u r t h e r , i t was f o u n d t h a t oxygen i s reduced b y an a n i o n o f h y d r o x y l a m i n e t o g i v e s u p e r o x i d e i o n . The oxoaminium s a l t c o u l d s e l e c t i v e l y o x i d i z e d h y d r o x i d e i o n and a l c o h o l s t o hydrogen p e r o x i d e and t h e c o r r e s p o n d i n g c a r b o n y l compounds, r e s p e c t i v e l y . F u r t h e r m o r e h y d r o x y l groups o f p o l y ( v i n y 1 a l c o h o l )s were p a r t i a l l y o x i d i z e d t o c a r b o n y l groups. The r e d o x systems u s i n g oxoaminium s a l t as a m e d i a t o r were i n v e s t i g a t e d , and i t was f o u n d t h a t t h e p o l y m e r i c m e d i a t o r was s u p e r i o r t o t h e c o r r e s p o n d i n g monomeric m e d i a t o r . o x i d a t i o n o f e s t e r -c o n t a i n i n g a l c o h o l s . T h a t i s , whereas c o u l d l i t t l e o r n o t o x i d i z e 2-benzoyloxyethanol and 3-benzoyloxypropanol, i t d i d 4-benzoyloxybutanol, 5-b e n z o y l o x y p e n t a n o l , and S-benzoyloxyhexanol t o t h e c o r r e s p o n d i n g b e n z o y l o x y a l k a n a l s . The o r i g i n o f t h e s e l e c t i v i t y m i g h t be a t t r i b u t e d t o t h e i n d u c t i v e e f f e c t o f t h e e s t e r group.

A new k i n d o f s e l e c t i v i t y was f o u n d i n t h e
INTRODUCTION
S i n c e 2,2,5,5-tetramethylpiperidine-l-oxyl and i t s d e r i v a t i v e s were f i r s t l y r e p o r t e d as s u p e r s t a b l e r a d i c a l s i n 1375 ( r e f . l ) , many d e r i v a t i v e s were p r e p a r e d and many methods o f u t i l i z i n g t h e r a d i c a l s were d e v i s e d . The p r o g r e s s o f t h e ESR t e c h n i q u e s has e s t a b l i s h e d t h e v a l u e o f t h e s e r a d i c a l s as t h e s p i n l a b e l i n g a g e n t and t h e r a d i c a l t r a p p i n g agent. !{owever, s t u d i e s on t h e i r c h e m i c a l b e h a v i o r a r e l e s s progressed. though i t was known t h a t 1 f o r m s r e v e r s i b l e
r e d o x system as shown i n Scheme 1 ( r e f . 2 ) .
Ye have been i n t e r e s t e d i n t h i s r e v e r s i b l e r e d o x system f r o m v i e w p o i n t o f s y n t h e t i c o r g a n i c c h e m i s t r y , and have been a p p l i e d t o v a r i o u s o r g a n i c r e a c t i o n s . 
Q4-I
0
R=MeO lfl. n i t r i l e s was c o n v e r t e d t o t h e c o r r e s p o n d i n g amides. F o r a r o m a t i c amides t h e y i e l d s r a n j e f r o m 74 t o 133 x; f r o m t e r e p h t h a l o n i t r i l e t h e e x c l u s i v e f o r m a t i o n o f t h e monoamide i s observed, w h i l e a l i p h a t i c n i t r i l e s seem t o be l e s s r e a c t i v e t h a n a r o m a t i c d e r i v a t i v e s . The r e a c t i o n i s c o m p l e t e l y i n h i b i t e d b y t h e p r e s e n c e o f a r a d i c a l t r a p p i n g y i e l d o f hydrogen peroxide was h i g h and la was q u a n t i t a t i v e l y recovered. The amount of t h e produced hydrogen peroxide was o n l y E s p e c i a l l y i n t h e range o f pH 9-11, t h e I n nonaqueous T h i s method might be important i n t h e chemical f i e l d using hydroxyl 
t i t a t i v e y i e l d t o a,Bunsaturated aldehydes. a t t r i b u t a b l e t o t h e n u c l e o p h i l i c i t y o f t h e counter anion o f t h i s c a t i o n i c o x i d i z i n g agent.
The o x i d a t i o n r a t e s o f primary and secondary alcohols w i t h & were estimated. r a t e s o f o x i d a t i o n are shown i n Table 3. Most primary a l c o h o l s a r e o x i d i z e d more r a p i d l y than methanol, w h i l e secondary a l c o h o l s are o x i d i z e d f a s t e r than primary alcohols by &. t h e o t h e r hand, o x i d a t i o n s w i t h & were t o o f a s t t o measure t h e o x i d a t i o n r a t e by t h e usual method. Thus, equimolar hexanol and 3-hexanol were o x i d i z e d i n one p o t by t h e small amount o f &. t h a t primary alcohols are o x i d i z e d f a s t e r than secondary a l c o h o l s by &. was c a r r i e d o u t by use o f & i n t h e s i m i l a r manner, 3-hexanone was obtained i n a 3.6 times These d i f f e r e n c e s i n t h e r e a c t i v i t y between & and & may be
The r e l a t i v e On I n t h i s case, hexanal was obtained i n a 1.7 times excess over 3-hexanone, suggesting When t h e o x i d a t i o n excess over hexanal.
and secondary a l c o h o l s i s v e r y dependent on t h e counter anion of t h e oxoaminium s a l t (2). These r e s u l t s show t h a t t h e r e l a t i v e r a t e of t h e o x i d a t i o n o f p r i m a r y
Oxidation of diols with 2a (ref. 12)
Some d i o l s were converted by two e q u i v a l e n t o f & t o l a c t o n e s b u t n o t di-aldehydes.
o x i d a t i o n was successful f o r 1,4-butanediol and 115-pentanediol ( t o g i v e y -b u t y r o l a c t o n e and 6-valerolactone, r e s p e c t i v e l y ) , w h i l e t h e o x i d a t i o n o f 1.3-propanediol and 1.6-hexanediol t o g i v e t h r e e and seven membered l a c t o n e s was u n s a t i s f a c t o r y . p r i m a r y and secondary hydroxyl groups was o x i d i z e d t o j i v e y -v a l e r o l a c t o n e i n 33% y i e l d and no o t h e r carbonyl products such as hydroxy ketone o r hydroxy aldehyde were detected. Benzyl a l k y l e t h e r s were o x i d a t i v e l y cleaved by two e q u i v a l e n t o f & o r & t o benzaldehyde and t h e corresponding a l k y l h a l i d e s i n e x c e l l e n t y i e l d . As shown i n Table 4 , benzyl methyl e t h e r was o x i d i z e d q u a n t i t a t i v e l y t o benzaldehyde w i t h two e q u i v a l e n t o f & a t room temperature i n dichloromethane. However, t h e y i e l d o f benzaldehyde was low i n t h e case o f u s i n g &, because 2a i s l e s s s t a b l e than 2c. Dibenzyl e t h e r was a l s o o x i d i z e d t o benzaldehyde ( 9 8 % ) T n d benzylbromide ( 7 6 % r When t h r e e e q u i v a l e n t o f water was added i n t h e r e a c t i o n m i x t u r e o f d i b e n z y l e t h e r and t h r e e e q u i v a l e n t o
f &, t h e y i e l d o f benzaldehyde reached t o 200%. suggesting t h a t benzyl c a t i o n may form as an i n t e r m e d i a t e o f t h e r e a c t i o n . That i s , t h e r e a c t i o n Table 4 O x i d a t i v e Cleavage o f Benzyl A l k y l Ethera was i n i t i a t e d by t h e s i n g l e e l e c t r o n s u b s t r a t e o x i d a n t water t i m e products Y. (%)
t r a n s f e r from e t h e r t o 2, e l e c t r o n t r a n s f e r . R e s u l t i n g oxonium 2c 0 17 
-benzyl ( h a l i d e o r a l c o h o l ) . I n t h e
As shown i n F i g . 2, t h e h y d r o p h i l i c polymers (p4,p5) were more e f f e c t i v e t h a n h y d r o p h o b i c polymers (PJ-p3) i n t h i s system, because t h e o x i d a n t , f e r r i c y a n i d e . was h y d r o p h i l i c .
Oxidation of alcohols with Cu(ll) mediated by 1 or polymer-supported 1 (ref. 18, 19)
C u p r i c s a l t s can be used as an a p p a r e n t o x i d a n t i n t h e o x i d a t i o n o f some a l c o h o l s m e d i a t e d b y -1. I n t h i s case, t h e o x i d a t i o n system was n e a r l y homogenous i n a c e t o n i t r i l e , and a c i d t r a p p i n g a g e n t was r e q u i r e d . As shown i n T a b l e 5, b e n z y l a l c o h o l and hexanol were o x i d i z e d by v a r i o u s c u p r i c s a l t s . t h e o x i d a t i o n and c u p r i c a c e t a t e r e q u i r e d a l o n g t i m e t o c o m p l e t e t h e o x i d a t i o n , c u p r i c p e r c h l o r a t e and c u p r i c n i t r a t e were e x c e l l e n t as o x i d a n t s . s a l t decreases w i t h t h e i n c r e a s e o f t h e b a s i c i t y o f t h e c o u n t e r i o n , i n t h e o r d e r perchlorate>nitrate>bromide>chloride>acetate, t h o u g h an e x p l a n a t i o n f o r t h i s b e h a v i o r i s n o t e v i d e n t a t t h e p r e s e n t t i m e . W h i l e c u p r i c bromide and c u p r i c c h l o r i d e were n o t so e f f e c t i v e f o r
The e f f i c i e n c y o f t h e c u p r i c
T a b l e 5 s u b s t r a t e o x i d a n t b h t i m e y i e l d t u r n o v e r O x i d a t i o n o f A l c o h o l s w i t h C u ( I 1 ) M e d i a t e d b y &a ( e o u i v ) ( e s u i v ) ( h r )
(%I ( t u r n s ) b e n z y l C1 ( 4 ) 0 
) I n a c e t o n i t r i l e a t 25°C. An e q u i v a l e n t o f Cu(OH)2 was used as an a c i d t r a p p i n g agent. b ) C u p r i c s a l t . c ) I n t h e absence o f C U ( O H )~.
% 100,
h r F i g . 3 O x i d a t i o n o f Benzyl
A l c o h o l b y Use o f Polymer 1 O f course, p o l y m e r -s u p p o r t e d n i t r o x y l r a d i c a l mentioned i n t h e p r e c e d i n g s e c t i o n can c a t a l y z e t h e o x i d a t i o n o f a l c o h o l s w i t h c u p r i c s a l t . As shown i n F i g . 3, t h e r a t e o f t h e o x i d a t i o n
u s i n g monomeric n i t r o x y l r a d i c a l (&) i s i n i t i a l l y f a s t e r t h a n t h a t u s i n g pl. However, t h e y i e l d o f benzaldehyde i n t h e case o f pl went beyond t h a t o f & a f t e r 9 hr, and a f t e r 24 h r t h e y i e l d s reached 33% (PJ) and 79% ( I & ) .
c a t a l y s t s t h a n monomeric & i n b o t h t h e o x i d a t i o n r a t e s and t h e y i e l d s o f benzaldehyde . The o b s e r v a t i o n o f t h e polymer e f f e c t may be a s c r i b e d t o t h e d i s p e r s i o n o f oxoaminium m o i e t y (&) on t h e polymer c h a i n . g e n e r a t e d d u r i n g t h e o x i d a t i o n . T h e r e f o r e , t h e e f f i c i e n c y o f t h e m e d i a t o r would decrease due t o t h e decrease i n t h e a p p a r e n t c o n c e n t r a t i o n o f &. r e a c t i o n o f & and m o i e t i e s i n t h e polymer m i g h t be i n h i b i t e d b y t h e polymer c h a i n .
The p o l y m e r s p2 and p3 a r e more e f f e c t i v e 
The monomeric & m i g h t c o n v e r t t o v i a e l e c t r o n t r a n s f e r f r o m & On t h e o t h e r hand, t h e i n t r a m o l e c u l a r
Oxidation of cyclic alcohols with chlorine mediated by l a (ref. 20)
A l t h o u g h c h l o r i n e i t s e l f o x i d i z e s c y c l i c a l c o h o l s t o t h e c o r r e s p o n d i n g c y c l i c ketones, a d d i t i o n o f a s m a l l amount o f la t o t h e r e a c t i o n m i x t u r e p r o v i d e s t h e s e k e t o n e s w i t h h i g h e r c o n v e r s i o n and h i g h e r s e l e c t i v i t y . As shown i n T a b l e 6, i n t h e case u s i n g 1 0 mol% o f la t o t h e a l c o h o l , t h e c o n v e r s i o n o f c y c l o h e x a n o l reached 76% w i t h an e q u i v a l e n t o f c h l o r i n e , and w i t h 1.4 e q u i v a l e n t o f c h l o r i n e t h e c o n v e r s i o n reached 100%. Noreover, t h e o x i d a t i o n s e l e c t i v i t y was o v e r 80 % even a t t h e l a s t s t a g e where t h e concent r a t i o n o f c y c l o h e x a n o l became l o w and t h a t o f cyclohexanone h i g h . I n c o n t r a s t , t h e c o n t r o l e x p e r i m e n t w i t h o u t la r e s u l t e d i n a l o w c o n v e r s i o n o f c y c l o h e x a n o l and a l o w s e l e c t i v i t y . I n t h e case where u s i n g 1 mol% o f la, b o t h t h e c o n v e r s i o n and t h e s e l e ct i v i t y were u n s a t i s f a c t o r y . P r o b a b l y , t h e r a t e o f t h e c h l o r i n e i n t r o d u c t i o n may be
t h a t 0.35 e q / h r r o u g h l y e q u a l s t o 2 m i n l c y c l e . enhanced t h e s e l e c t i v i t y even w i t h 0.5 mol% o f h.
o x i d i z e d b y t h i s system i n a h i g h s e l e c t i v i t y ( o v e r 90 %) under t h e same c o n d i t i o n s .
A
Oxidation of poly(viny1 alcohol)s with 2a (ref. 21)
A t t e m p t s ( r e f . 2 2 ) t o o b t a i n p o l y ( k e t o n e ) s b y o x i d a t i o n o f p o l y ( v i n y 1 alcohol)^ (PVA) have
been made b y use o f s e v e r a l o x i d a n t s such as Oppenauer's o x i d a n t , N-bromosuccinimide, and so on. a ) I n d i c h l o r o m e t h a n e a t room t e m p e r a t u r e . b ) D e t e r m i n e d b y GLC u s i n g an i n t e r n a l s t a n d a r d .
B u t t h e o x i d i z e d polymer had v e r y l o w amount o f c a r b o n y l groups on i t s main c h a i n , and
some s i d e r e a c t i o n s caused d e g r a d a t i o n o f t h e polymer c h a i n . e x c e l l e n t and s e l e c t i v e o x i d a n t f o r a l i p h a t i c a l c o h o l s and i s e x p e c t e d t o cause no s i d e r e a c t i o n s such as o v e r o x i d a t i o n o r C-C bond s c i s s i o n . From t h e s e i n t e r e s t s , we
T h i s v a l u e i s h i g h e r t h a n t h o s e r e p o r t e d i n p r e v i o u s work. o f PVA was n o t q u a n t i t a t i v e l y o x i d i z e d may be a t t r i b u t e d t o t h e l o w a c t i v i t y o f t h e o x i d a n t
a i n w a t e r and NAP o r t o t h e s t e r i c h i n d r a n c e b y t h e polymer c h a i n .
were o p e r a t i v e , t h e o x i d a t i o n o f a model compound ( 2 , 4 -p e n t a n e d i o l ) i n d i c h l o r o m e t h a n e would o c c u r e f f i c i e n t l y t o j i v e 2,4-pentanedione i n h i g h y i e l d . On t h e o t h e r hand, 2-hexanol was q u a n t i t a t i v e l y o x i d i z e d t o 2-hexanone i n t h e presence o f h e x y l a c e t a t e , s u g g e s t i n g t h a t some i n t r a m o l e c u l a r i n t e r a c t i o n such as i n t r a m o l e c u l a r hydrogen b o n d i n g o r t h e o t h e r e f f e c t between a l c o h o l and k e t o n e groups p r e v e n t e 
t i v i t y t o w a r d h. From t h e s e r e s u l t s d e s c r i b e d above, i t was suggested t h a t t h e
e s t e r group p r e s e n t i n t h e same m o l e c u l e does p r e v e n t t h e o x i d a t i o n i n t r a m o l e c u l a r l y . Then, t h e o x i d a t i o n o f w b e n z o y l o x y a l k a n o l (n=2-6), o -b e n z o y l a l k a n o l s (n=2 t o 5), and u ) -p h e n o x y a l k a n o l s (n=2 and 3 ) b y & was p l a n n e d on t h e b a s i s o f t h e p r e s u m p t i o n t h a t t h e change o f t h e f u n c t i o n a l group and t h e c h a i n l e n g t h between h y d r o x y l and e s t e r groups would v a r y t h e s t r e n g t h o f t h e i n t e r a c t i o n between them. R e s u l t s a r e summarized i n T a b l e 9. As expected, t h e o x i d a t i o n p r o f i l e depends on b o t h t h e f u n c t i o n a l g r o u p and t h e c h a i n l e n g t h . There must e x i s t some i n t r a m o 7 e c u 7 a r i n t e r a c t i o n between e s t e r and h y d r o x y l g r o u p s w h i c h d i f f e r s i n s t r e n g t h w i t h t h e number o f methylene u n i t s . t h e s e l e c t i v i t y was s p e c u l a t e d . ( e t h e r ) and h y d r o x y l groups and t h e o t h e r i s t h e i n d u c t i v e e f f e c t o f t h e f u n c t i o n a l group ( e l e c t r o n w i t h d r a w i n g g r o u p EWG). F i r s t l y we i n s p e c t e d t h e f o r m e r p o s s i b i l i t y b y means o f I R . It i s w e l l known t h a t t h e wave number o f t h e v i b r a t i o n a l a b s o r p t i o n o f c a r b o n y l g r o u p i s a f f e c t e d b y s o l v e n t even i f i t i s n o n p o l a r one. Thus i f i n t r a m o l e c u l a r hydrogen b o n d i n g i s formed and t h e c o n c e n t r a t i o n o f t h e m a t e r l a l i s s u f f i c i e n t l y d i l u t e , v(C=O) o f t h e e s t e r g r o u p i s e x p e c t e d t o be c o n s t a n t . R e s u l t s l i s t e d i n T a b l e 9 show no s i g n i f i c a n t d e v i a t i o n a b o u t s o l v e n t e f f e c t between m e t h y l e n e number n=2,3 and t h e o t h e r s . a) I n dichloromethane a t r.t. b) Estimated by SC using an i n t e r n a l standard. c ) Proton NMR chemical s h i f t i n CDC12.
Using an e q u i v a l e n t o f a. 
On t h e o t h e r hand, although i t seems t o o remote f o r an EWG t o a f f e c t t h e f i e l d e f f e c t on hydroxyl group through methylene chain ( s i n c e i t i s known t h a t such e f f e c t decreases i n s t r e n g t h by a f a c t o r o f 2.7 by one methylene u n i t ) , as shown i n Table 9, t h e chemical s h i f t o f t h e methylene protons adjacent t o hydroxyl group (6C30H) o f various a l c o h o l s s h i f t e d t o upper f i e l d w i t h an increase i n number o f t h e methylene groups between hydroxyl group and EWG, suggesting t h a t t h e p o l a r e f f e c t o f t h e EWG e x e r t s t o t h e remote hydroxyl group t o some extent. Noteworthy a r e t h e chemical s h i f t s o f methylene protons adjacent t o t h e i n a c t i v e
alcohol which appear a t a lower f i e l d than about 3.7 ppm independent on t h e nature o f EWG. A l l t h i n g s considered, i t seems t o be r a t i o n a l t o a t t r i b u t e t h e s e l e c t i v i t y t o t h e p o l a r e f f e c t o f t h e s u b s t i t u e n t . On t h e b a s i s o f t h i s concept, f o r example, i t i s expected t h a t t h e o x i d a t i o n o f 2-hydroxye t h y l 4-hydroxybutyl p h t h a l a t e (6) by 2 w i l l s e l e c t i v e l y g i v e 2-hydroxyethyl 4-oxobutyl p h t h a l a t e (1) . A c t u a l l y , t h e o x i d a t i o n o f 6 w i t h two e q u i v a l e n t o f & i n dichloromethane a t 0°C i n t h e presence o f sodium carbonate as an a c i d scavenger y i e l d e d o n l y 1 i n h i g h y i e l d (81% i n GLC, 46% i s o l a t e d y i e l d by column chromatography). As expected, no o t h e r products such as 2-oxoethyl 4-oxobutyl p h t h a l a t e o r 2-oxoethyl 4-hydroxybutyl p h t h a l a t e were detected even w i t h t h e use o f excess & (ref.23) .
